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Abstract 
Since its publication in 1920 by Gillies, costochondral grafts have been used by surgeons to replace an injured 
mandibular condyle and to reconstruct the temporomandibular  joint. This procedure is currently applied in cases 
of congenital dysplasia,  developmental defects, temporomandibular ankylosis, neoplastic disease, osteoarthritis 
and post-traumatic dysfunction. Over the years, various procedures for the reconstruction with this type of graft 
have been described. In 1989, Mosby and Hiatt  described a technique for setting the graft securely, reducing the 
space between the  graft and the mandibular area. In 1998, Monje and Martín-Granizo developed a variation  of 
this method, enabling a precise adaptation of the costochondral graft to the  remaining mandibular ramus. The aim 
of this study is to evaluate the functional and anatomic results of the  costochondral graft treatment by green-stick 
fracture for reconstruction of the TMJ in  the 10 years following the description of this technique. We carry out a 
retrospective  study of thirteen cases of temporomandibular pathology (tumors, ankylosis and  hypoplasia) treated 
during a period of ten years from 1998 to 2008. In all these  cases, the technique described by Monje and Martín-
Granizo was used: removal of the  sixth rib, fixation to a titanium mini-plate using screws, making an internal 
corticotomy in order to obtain a green-stick fracture of the outer cortex, providing  adequate adaptation of the 
graft to the mandibular ramus. The graft was then set in  place, attaching it with titanium screws. This technique 
was successful in achieving  optimal ossification, a good interincisal opening and satisfactory cosmetic results. In 
conclusion, according to our experience, the green-stick fracture for the adaptation of  costochondral grafts to the 
remaining mandibular ramus has presented outstanding results  in the surgical treatment of temporomandibular 
pathology.
Key words: Costochondral graft, autologous grafts, TMJ reconstruction, open TMJ surgery, temporomandibular 
pathology.
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Introduction
The reconstruction of the temporomandibular joint 
(TMJ) is one of the most complex fields within Oral 
and Maxillofacial Surgery. The objectives of this recon-
struction are well defined and include the restoration 
of the three-dimensional morphology and mandibular 
function, decreasing the patient’s symptoms and limi-
tations, and prevention of disease progression (1). To 
achieve these objectives, various surgical techniques 
have been used with autogenous and alloplastic mate-
rials (2). Among the autologous materials, costochon-
dral grafting is the most adaptable due to its original 
dimensions. The benefits described by MacIntosh (3) 
are its biological compatibility, ease of use, accessibil-
ity, functional adaptability, versatility, and minimal ad-
ditional morbidity for the patient. Due to the incorpora-
tion of growth centers in the transplant, the potential 
for growth of the costochondral graft makes it an ideal 
application for reconstructing TMJ in children (4-6). 
Among some of the possible complications described, 
we highlight the risk of fracture of the graft, infection, 
partial or total reabsorption of the graft, morbidity in 
the donor area, the graft’s variable capacity for growth, 
and the possible recurrence of ankylosis (7-9).
Based on the studies published by Gillies in 1920, this 
type of graft has been used to replace an injured man-
dibular condyle, in TMJ reconstruction. This procedure 
is currently applied in cases of congenital dysplasia, 
developmental defects, temporomandibular ankylosis, 
neoplastic disease, osteoarthritis and post-traumatic 
dysfunction (10, 11).  Various adaptation techniques for 
the reconstruction with this type of graft have been de-
scribed throughout the years. In 1989, Mosby and Hiatt 
(12) described a technique for setting the graft securely, 
reducing the space between the graft and the mandibu-
lar area. In 1998, Monje and Martín-Granizo (13) devel-
oped a variation of this method, making a green-stick 
fracture of the costochondral graft, allowing for the pre-
cise adaptation of the graft to the remaining mandibular 
ramus.
The aim of this study is to evaluate our experience with 
the use of the costochondral graft by a green-stick frac-
ture for the reconstruction of the TMJ, in the 10 years 
following the description of this technique.
Material and Method
Over a period of 10 years (1998-2008), a retrospective 
study was performed on a serie of 13 patients with tem-
poromandibular pathology which required condylar re-
section and reconstruction with a costochondral graft. 
This group of patients consists of 8 males and 5 females, 
with the average age being that of 18.6 years (range: 
9-38). The pathology of the TMJ was varied, including 
the following diagnoses: condylar hypoplasia (3 cases), 
articular bone ankylosis (3 cases), tumorous aetiology 
(2 cases of osteochondroma and 1 case of malignant 
neoplasm), idiopathic condylar lysis (2 cases), congeni-
tal deformities of the mandible (1 case) and acquired 
deformities (1 case).  In 4 cases, the pathology was bi-
lateral, with a total of 17 reconstructions performed by 
costochondral grafting. All of them were performed us-
ing the technique described by Mosby and Hiatt (12) 
and later modified by Monje and Martín Granizo (13). 
All patients were followed up closely with clinical and 
radiological evaluations over a period of time ranging 
between 3 months and 10 years.
Surgical Technique:
Once the right sixth rib (sixth and seventh in bilateral 
cases) is harvested using a submammarian approach 
(measuring the cartilaginous portion between 5 and 10 
mm and the portion of the bone 40-60 mm), the graft is 
attached to mini-plates using titanium screws. An in-
ternal corticotomy is then made, curving the graft in 
order to obtain a green-stick fracture of the outer cortex 
and providing the convexity and proper adaptation of 
the graft to the remaining mandibular ramus. Finally, 
the graft is set in place (Fig. 1), making sure it is aligned 
correctly, and fastening it with titanium screws.
Fig. 1.  Pre-auricular incision showing a costochondral graft after 
its placement and adaptation to the remaining mandibular ramus.
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Results 
This technique was successful in all cases (Table 1), 
achieving optimal ossification without unwanted move-
ment of the graft, as was revealed in the radiological 
tests (plain X-ray) (Fig.2) and computerized tomogra-
phy (CT)). From a functional standpoint, a good oral ap-
erture and decrease in dietary restriction was achieved. 
The maximum interincisal opening (MIO) increased in 
13 patients, with an average increase of 11.6 +/- 6.75 mm. 
Moreover, the aesthetic results were satisfactory, with 
growth of the graft commensurate with the growth of 
the patient (Fig.3). An evaluation of the post-operative 
reviews showed an improvement in facial symmetry 
and all patients reported satisfaction with the results. 
As far as complications, a case of pneumothorax was ob-
served, which required the placement of a thorax tube, 
which produced a favorable outcome and progress. In 
one case, facial paralysis was observed in the immediate 
postoperative period, with spontaneous recovery during 
follow-up. Two patients presented a local infection, and 
SEX AGE DIAGNOSIS LOCATION PRE-MIO
POST- 
MIO
POSITION 
OF GRAFT COMPLICATIONS
1 M 33 OSTEOCHON-DROMA LEFT 15 30 OPTIMAL FACIAL PARALYSIS
2 M 12 JOINT ANKY-LOSIS LEFT 5 34 OPTIMAL NO
3 M 14 JOINT ANKY-LOSIS BILATERAL 16 23 OPTIMAL
RIGHT PNEUMOTHO-
RAX
4 M 12 MALIGNANT NEOPLASM RIGHT 20 31 OPTIMAL NO
5 M 12 ACQUIRED DEFORMITY LEFT 26 30 OPTIMAL NO
6 M 11 CONDYLAR HYPOPLASIA LEFT 20 25 OPTIMAL NO
7 M 38 OSTEOCHON-DROMA RIGHT 16 20 OPTIMAL NO
8 M 9 CONDYLAR HYPOPLASIA LEFT 20 32 OPTIMAL NO
9 M 9 CONDYLAR HYPOPLASIA LEFT 34 50 OPTIMAL NO
10 M 15
CONGENI-
TAL DEFOR-
MITY
LEFT 18 26 OPTIMAL LOCAL INFECTION
11 M 21 JOINT ANKY-LOSIS BILATERAL 8 27 OPTIMAL LOCAL INFECTION
12 M 34
IDIOPATHIC 
CONDYLAR 
LYSIS
BILATERAL 21 33 OPTIMAL NO
13 M 22
IDIOPATHIC 
CONDYLAR 
LYSIS
BILATERAL 21 30 OPTIMAL NO
Table 1. List of patients treated using the placement of a costochondral graft with green-stick fracture.
Fig. 2. Simple x-ray showing the adaptation of 
the graft to the condylar defect in immediate 
post-operative state.
MIO: Maximum Interincisal Opening
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in both cases they were treated with conservative anti-
biotics, without loss or partial reabsorption of the graft. 
None of the 13 cases presented hyper- or hypo-growth 
of the graft, as shown by measurements made on the 
orthopantomography requested in the immediate post-
operative period and at 3, 6, and 12 months, as well as 
during the annual reviews.
Discussion 
Because of the anatomical and biological characteristics 
similar to the mandibular condyle, the costochondral 
graft has become the most versatile autologous tissue to 
reconstruct the TMJ. It is logical to think that the ideal 
graft is one that fulfills its function in a manner similar 
to the original tissue. The costochondral graft consists of 
an autogenous material that is equipped with an articular 
cartilage surface that can resemble the mandibular con-
dyle, and it has the ability to adapt and remold itself in re-
sponse to joint function. In addition, since a large propor-
tion of patients requiring condylar replacement are young 
and still in the process of growing, it is necessary to allow 
for the possibility of an appropriate degree of mandibular 
growth at the time of making a proper surgical plan.  
After its introduction in 1920, the use of costochondral 
grafts in TMJ reconstruction for pediatric patients has 
become very popular. Because severe TMJ deformities 
typically affect both the bone and cartilage of the joint, 
this graft allows the restoration of both components. 
With its bone and cartilage, costochondral grafts will 
provide diverse populations of germ cells with an inher-
ent growth potential, providing adequate functioning 
despite the lack of a disk, and also maintaining devel-
opment capacity, making this an ideal graft for use in 
condylar reconstruction in pediatric patients. In regards 
to this aspect, one of the main disputes is the lack of 
predictable growth. In assessing the growth of the graft 
in eight adolescent patients, Guyuron and Lasa (14) ob-
served growth of the graft in four (50%) of the patients, 
hypo-growth in one patient and normal growth in three. 
In addition, three cases of postoperative ankylosis were 
observed, although it should be noted that these authors 
took a large amount of cartilage (15-20 mm).  In a study 
on children, Ko and Huang (5) observed hyper-growth 
in 7 of the 10 patients studied. Other authors, such as 
Lata et al. and Siavosh et al. (15,16), also refer to cases 
of excessive growth of the graft. In a study of 26 pa-
tients, Perrot et al. (17) observed three cases of lateral 
overgrowth. The findings of hypo-growth would sup-
port the theory that defends the existence of a primary 
growth center of the condyle, although this could be 
complemented by the adaptive growth of the condyle 
in response to the functional matrix. It appears that the 
Fig. 3. a) Pre-operative image of a 9-year-old boy diagnosed with condylar hypoplasia on the left side, showing some facial asymmetry with 
chin deviation to the left; b): Same patient 2 years After surgery. The aesthetic result is optimal, with an almost complete facial symmetry.
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highest growth rate would occur about 2 years after the 
placement of the graft and would follow a slow and ir-
regular pattern, not a linear pattern. This was demon-
strated by Mulliken et al. (18), based on tele-radiograph 
measurements of 17 patients who were still in the process 
of growing. Therefore, it is assumed that the amount of 
cartilage included in the graft might influence the pat-
tern of growth. It thus seems logical to conclude that 
a greater need for growth (patients operated on before 
10-11 years  of age) requires a greater amount of carti-
lage. By contrast, in patients in the phase of growth af-
ter puberty or in adults, the minimum amount of carti-
lage should be used and only that necessary to stimulate 
growth and avoid disruption of the costochondral joint. 
In the group of patients studied, we have not observed 
any cases of hyper-growth in adults or children, having 
standardized the amount of cartilage to be used to ap-
proximately 5-10mm, tending to be a smaller amount 
the older the patient is.
As for the surgical technique used, many different meth-
ods have been described. As far as the method of attach-
ing the graft to the mandible, we believe that the “green 
stick” fracture technique is a valuable aid in the align-
ment of the rib curvature to the mandible, as it allows 
some flexibility in the rib graft, making it possible to ob-
tain a concavity that is suitable for each particular case. 
This provides a large contact area between the graft and 
the mandible, which streamlines the ossification process. 
The subsequent fastening of the graft in place using tita-
nium mini-plates and bicortical screws provides greater 
rigidity and stability to the graft and allows a rapid post-
operative mobilization and physiotherapy. Moreover, this 
technique always allows for the easy removal of the rib 
graft on the right side, decreasing the risk of damage to 
the pericardium during the procedure and decreasing 
the likelihood of confusing the postoperative discomfort 
with a cardiogenic type of pain. Other authors have ques-
tioned whether this change provides real advantages as 
far as reducing the risk of pericardial damage (19). The 
truth is that, in our experience, removal of the costochon-
dral graft from the right side makes it almost impossible 
for complications of this nature to occur.
In regards to the case of facial palsy that occurred in the 
immediate postoperative period, it should be noted that 
this complication is attributable to the surgical manipula-
tion, as opposed to any problem with the technique itself.
With respect to other autologous grafts, the advantages 
of the costochondral graft are that there is a low inci-
dence of complications and morbidity at the donor site, 
adaptability to the mandibular ramus and incorporation 
of a head of cartilage tissue that promotes the morpho-
logical and functional adaptation and reduces the future 
risk of ankylosis. Moreover, despite being a non-vas-
cularized graft, the costochondral graft seems to have 
little tendency towards reabsorption, and in numerous 
occasions, it even gets bigger and resilient over time, 
sometimes compromising the final result due to the ex-
cessive length of the ascending mandibular ramus (7).
When comparing the costochondral graft with that of the 
sternoclavicular graft, the latter requires a more complex 
surgery and presents higher morbidity at the donor site 
(2). Approximately 10% of clavicular fractures have been 
described, over 50% of which require open reduction 
(20). 
In conclusion, according to our experience, the use of 
costochondral grafts for the reconstruction of the man-
dibular condyle using the green-stick fracture tech-
nique provides optimal results in the surgical treatment 
of temporomandibular pathology. 
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